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Abstract		
The tactile discrimination sensitivity for fine randomly textured surfaces was evaluated and its 
relation to the surface parameters and the coefficient of friction was investigated. Discrimination 
tasks were performed using a two-interval forced choice technique and the mean probability of 
perceiving a difference was measured for pairwise combinations of six fine-grit abrasive papers. 
The surface roughness parameters of the abrasive papers were measured using a contact 
profilometer and scanning electron microscopy images helped observe the surface 
microstructure. The coefficient of friction for each of the abrasive papers against human finger 
was measured for two sliding orientation of the finger: an ‘aligned’ orientation along the length 
of the finger and a ‘transverse’ orientation perpendicular to the length of the finger. Possible 
cases of theoretical probabilities of perceiving a difference for a given pair of tactile samples 
were proposed and the experimental probabilities were discussed within this context. Based on 
the evidence in existing literature, three measurable properties were chosen to investigate 
possible correlation with the mean discrimination probability: root mean square roughness, mean 
spacing of the profile peaks, and the mean coefficient of friction. Experimental evidence 
suggests that of the three parameters investigated, differences in the mean spacing and the mean 
friction coefficients were more indicative of the probability of perceiving difference between a 
pair of fine textured samples.  
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Keywords: Finger pad friction, friction mechanisms, fingerprints, adhesion, hysteresis, 
interlocking. 
Introduction	
Tactile perception is one of the five primary sensory functions, that enables humans to have 
interactions with their environmental stimuli and is the primary mode of written communication 
for visually challenged.  One of the earliest notable contributions to understanding the sense of 
touch was made by Katz[1]. Multiple studies for understanding neurological, psychological and 
physical aspects of touch have since been conducted. The need to understand every aspect of 
sensory touch is growing with the increasing interest in applications like haptic performance of 
consumer electronics, improving the communication systems for the visually challenged, 
development of bionic robotic systems and, optimizing the tactile feel of everyday packaging 
materials. 
Tactile perception of texture of a surface involves processing of information about its material 
properties and surface micro-geometry. Studies using human evaluation of multiple everyday 
surfaces showed that the tactile perceptual space was multidimensional [2-4]. Further, perception 
of a textured surface was correlated strongly to the rough/smooth and the soft/hard dimensions,  
and to a lesser extent to the sticky/slippery dimension[2, 5]. Of these three dimensions, 
rough/smooth dimension was the most extensively studied one from both neurophysiological and 
psychophysical standpoints. The focus had been on how the ‘perceived roughness’ depends on 
factors such as surface geometry of the stimuli tested, and the effect of the normal force [6, 7], 
identifying underlying neural codes and mechanoreceptors involved [8, 9]. Most of the early 
studies dealt with perceived roughness of relatively rougher surfaces with element sizes of the 
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order of several hundreds of microns [6-14], and spatial coding mechanisms were favored as 
responsible for the roughness perception at this scale[9, 12]. However, later studies with finer 
textures revealed the importance of vibrational cues in fine texture perception and 
discrimination, there by implying the involvement of temporal coding mechanisms and provided 
evidence for the duplex theory of texture perception [15]. Involvement of vibrotactile cues in 
fine texture perceptions intuitively points to the involvement of friction too. Subjects were 
known to adjust friction and normal forces optimally during tactile exploration of surfaces based 
on topology of the surface[16]. However, the exact role of friction in tactile perception is still not 
very clear. 
Discriminatory touch of textured surfaces was not as well investigated as roughness perception, 
and even those studies that did involve discrimination tasks were limited to subjective ranking of 
perceived roughness [17, 18]. Due to this reason, perceptual dimensions of texture discrimination 
apart from roughness may not come into play and, the factors influencing discriminatory touch 
would be same as those for the perceived roughness in such a case. Instead of identifying factors 
that influence the estimates of perceived roughness of textured surfaces, if the measurable gross 
physical attributes (such as surface roughness and friction) could be linked to perceptual 
attributes (such as the probability of differentiating between surfaces) in a discrimination task, it 
provides a means for quantitatively measuring the tactile discriminability of textures. And such a 
measure of tactile discriminability could be valid for a wide range of surfaces with varied 
roughness, hardness and stickiness properties.  
In the current study, the tactile discrimination sensitivity of randomly textured surfaces was 
measured as the probability of discriminating between given abrasive paper pair using a 
psychophysical experiment. The results were compared with the measured physical attributes 
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like root mean square roughness of the surface, mean spacing between profile peaks of the 
surface and the coefficient of friction, to find a possible correlation. Abrasive paper stimuli were 
used as the randomly textured surfaces. Use of these natural stimuli enables changing topological 
features without affecting other known dimensions of texture perception like hardness and 
stickiness by simply varying the grit sizes.  
Experimental	Methods	
Tactile	discrimination	sensitivity	measurement	
Stimuli	
The stimuli used were FEPA P-grit abrasive papers of grit sizes 2500, 2000, 1500, 1200, 1000 
and 800. The corresponding mean grain sizes according to the FEPA standards were 8.4, 10.3, 
12.6, 15.3, 18.3 and 21.8 µm respectively. Table 1 lists the surface properties of the abrasive 
papers with their corresponding standard errors of the mean (SE) measured using a contact 
profilometer (Mahr, MarSurf SD26). The stylus tip of the profilometer was slid along three 
directions (two mutually perpendicular directions and one at a 45° angle to either of those 
directions) on the surface of the abrasive papers. The surface height data thus obtained was used 
to compute the autocorrelation function and the correlation lengths. Analysis of variance of the 
correlation lengths in different directions for each of the abrasive papers indicated that surface 
topology was random isotropic in nature. Scanning electron microscopy images of the abrasive 
papers (obtained by FEI Quanta 250 Field emission scanning electron microscope (SEM)) were 
obtained to compare the particle sizes with the standards. SEM images indicate that the 
maximum particle sizes were in accordance with the standard sizes provided by the manufacturer 
(Fig. 1). For the tactile discrimination sensitivity experiment, the abrasive papers were cut into 
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78 × 90 mm sheets and attached with a double sided tape to 83 × 103 mm acrylic backing plates. 
Corresponding to 6 different abrasive papers, a total of 21 pairwise combinations of the stimuli 
were tested for each test subject. Fifteen of these pairs consisted of different grit sized samples, 
while six of them had samples with the same grit sizes.  
Table 1 
Surface Properties of abrasive papers 
Grit Average Roughness  
Ra(µm) ± SE 
Root mean square roughness 
Rrms(µm) ± SE 
Mean spacing of profile 
peaks Rs(µm) ± SE 
P800 6.00 ± 0.18 7.72 ± 0.20 105.68 ± 1.96 
P1000 5.69 ± 0.15 7.16 ± 0.18 74.52 ± 2.44 
P1200 4.22 ± 0.10 5.31 ± 0.13 73.52 ± 1.53 
P1500 3.98 ± 0.085 5.11 ± 0.13 64.10 ± 2.98 
P2000 3.64 ± 0.034 4.59 ± 0.059 64.38 ± 2.40 
P2500 4.05 ± 0.062 5.05 ± 0.093 62.77 ± 2.65 
All surface roughness parameters of the abrasive papers were measured using a contact profilometer (Mahr, MarSurf 
SD26), and the standard errors were calculated for 5 trials for each of the parameters. The sliding direction of the 
stylus tip was parallel to the grit number printing on the back of the abrasive papers for all the trials considered.  
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Fig. 1. Scanning Electron Microscope images of abrasive papers (top left through bottom right) (a) P800, (b) P1000, 
(c) P1200, (d) P1500, (e) P2000, and (f) P2500. All images were secondary electron images obtained at 1500X and 
45° tilt. 
Subjects	
For the tactile discrimination sensitivity experiment, a total of 26 subjects, 10 male and 16 
female participated in the experiment. The participants were recruited based on their responses to 
the flyers posted at various locations across the university campus. All participants were above 
the age of 18. And, all of them were right-handed.	
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Experimental	Procedure	
At the beginning of the experiment, the experimental procedures were explained to the subjects, 
the informed consent was obtained and then, the subjects were asked to wash their hands 
thoroughly with soap to prevent transfer of substances like oil and dirt from the hands on to the 
stimuli. The subjects were instructed to wipe their hands periodically during the experiment to 
prevent transfer of wear particles between the abrasive papers. The subjects were seated at a 
table, separated from the researcher by an opaque screen with a curtained opening through which 
the subjects can access the test stimuli. The screen and the opening were designed to prevent the 
subjects from receiving any form of visual input regarding the stimuli. A two-alternative forced 
choice technique was used for testing. For each pairwise combination of the abrasive papers 
tested, the subjects were given the two abrasive samples one after the other, and were asked to 
decide whether the stimuli felt same or different. The subjects were allowed to feel a sample as 
for long as they wanted and were allowed to go back and forth between the samples in a pair as 
many times as they wanted. The subjects were asked to use their dominant hand for the testing 
purposes, but were not instructed to use any specific finger for testing. Each of the 21 
combinations tested were repeated 4 times per subject during each test, to give a total of 84 
pairwise comparisons per test subject. The room temperature during testing was maintained at 
around 22 °C. The abrasive paper samples and the test set up can be seen in Fig. 2.  
8	
	
	
Fig. 2. (a) Tactile Discrimination test setup as viewed from the experimenter’s side. A subject’s fingers probing a 
sandpaper sample can be seen. (b) Abrasive samples used for the test. Finest (P2500) to coarsest (P800) were 
arranged from left to right.  
Friction	measurement	
Stimuli	
The same six abrasive paper grits used for the tactile discrimination sensitivity experiment were 
also used for the friction measurements. Based on a preliminary test for the tactile perception 
experiment, it was observed by the participants and the researchers that sliding finger across 
abrasive papers felt different in different sliding orientations. In order to better understand and 
account for this directionality, for each abrasive paper, coefficient of friction was measured for 
two finger orientations, an aligned orientation and a transverse orientation. For the aligned 
orientation, the length of the finger was in-line with the direction of motion of the finger, 
whereas for the transverse orientation, the length of the finger was perpendicular to the direction 
of motion of the finger. For the abrasive papers, the direction parallel to the grit number printing 
on their back was assigned as the sliding direction. And, for the friction measurements, the 
abrasive papers were cut into 65 X 20 mm strips along the sliding direction and were mounted on 
a 152 X 101 mm steel backing plates. The sliding direction for an abrasive paper and finger 
orientations can be seen in Fig. 3.  
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Fig. 3. (a)The transverse and aligned finger sliding orientations with respect to the length of the finger (b) The 
sliding direction for P800 grit abrasive paper based on the printing on the back. The sliding direction was similarly 
assigned for all the six abrasive papers.  
Experimental	Procedure		
To measure the coefficients of friction (COF) of the abrasive papers, one of researchers slid their 
finger along the length of the cut abrasive paper surfaces. Eleven trials were conducted for each 
abrasive paper, for each of the finger orientations. For all the measurements, the sliding angle 
between the surface and the finger was approximately between 30° and 45° and the sliding speed 
was maintained approximately between 0.8 cm/s and 1.2 cm/s. The normal load applied was 
approximately 0.5 N. A three axis dynamometer (Kistler 9254), was used to measure the normal 
load applied and the resultant tangential friction force. A LabVIEW data acquisition program 
was used for data sampling at 1000 Hz. The coefficient of friction was calculated at each time 
step using Amonton’s law and the average COF for each trial was computed using at least 1500 
consecutive data points. The variation of the COF during each trial for all the 122 trials (eleven 
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trails per abrasive paper per orientation for six abrasive papers and two orientations) was 
characterized by a median standard deviation of 0.03.   
Results:		
Tactile	Discrimination	Sensitivity	
The tactile discrimination sensitivity experiment was performed to determine the probability 
with which a participant was able to discriminate between any given two abrasive papers of the 
six abrasive papers tested. A generalized linear mixed model (GLMM) was fit to the participant 
response data from the tactile discrimination sensitivity test using GLIMMIX procedure in SAS 
(Statistical Analysis System) software. This was done to take into account the variability among 
the test subjects along with the variability within a subject. This procedure assumed normal 
random effects among the participants, and the data was assumed to have a binomial distribution 
conditional to those random effects. From the GLLM, the mean probability of discriminating 
between surfaces in an abrasive paper pair and the corresponding standard errors were obtained 
(Fig.4). It has to be noted that for each pair of abrasive papers, the probability with which a 
participant perceives a difference was measured, but not whether the participant was correctly 
discriminating the pair. The difference is explained in detail in the following sections. 
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Fig.4. Mean probability of perceiving a difference between the abrasive paper grits with respect to different abrasive 
papers. Dashed line at p=0.5 indicates the probability of perceiving a difference when random choice is made in 
discriminating the abrasive papers.  
To understand the empirical probabilities of discrimination ability of individuals, potential 
theoretical probabilities of discriminating between different combinations of grit pairs were 
proposed case by case and how the empirical probabilities fit into these scenarios is discussed. 
Case	1:	Perceptually	unbiased		
If a person was perceptually unbiased, i.e., the person had no sense of perception for 
discriminating between the given two surfaces, and if asked to make a judgment regarding 
difference between two grits, the person could have chosen to answer that they were same or 
different randomly. The possible outcomes of such a random choice experiment were: 
A. The same grit pairs were identified as same. 
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B. The same grit pairs were identified as different. 
C. The different grit pairs were identified as different. 
D. The different grit pairs were identified as same. 
Out of these four cases, A and C indicate correct discrimination of the grits and they can be 
classified as ‘hits’. B and D lead to failure in discriminating the grits. B can be classified as a 
‘false positive’ and D as a ‘miss’ in perceiving the difference between the grits. 
Only two of the cases, B and C, lead to perceiving a difference. Therefore, the theoretical 
probability of perceiving a difference by making a purely random choice in discriminating the 
grits is p = 0.5. 
Case	 2:	 Bias	 towards	 perceiving	 a	 difference	 and	 reliable	 discrimination	 for	 different	 grit	
pairs	
If a person always reported a difference between any given two grits, then he/she perceived both 
the same grit pairs and the different grit pairs as being different. This scenario leads to a 
theoretical probability of perceiving a difference of p=1. This could be considered as a case of 
biased random choice experiment where the person making the judgment was biased towards 
perceiving a difference all the times i.e., a 100% bias.  
For the reliable discrimination of different grit pairs, a person was biased towards identifying 
different grit pairs as being different by means of their perceptual capacity. The empirical 
probabilities p in that case were 0.5 < p ≤ 1. The greater was the perceptual capacity of the 
individual, the greater was the bias towards correctly perceiving different grit pairs as different, 
and more did the probability of perceiving a difference tended towards 1.  
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For the nine different grit pairs (800 vs all other grits, 1000 vs 2000 and 2500, 1200 vs 2500, 
1500 vs 2500), the mean probabilities of perceiving a difference from the experimental data were 
greater than 0.5 but less than 1. However, the mean probabilities of perceiving a difference were 
much higher for the pairs with 800 grit (800 vs all the grits) than for the rest of the pairs (1000 vs 
2000 and 2500, 1200 vs 2500, 1500 vs 2500). This indicates there was a greater bias for 
decisions regarding certain pairs than for the others.  
Case	3:	Inability	to	perceive	a	difference	and	reliable	discrimination	for	same	grit	pairs	
If a person never detected the difference between any two given grits, then he/she identified both 
the same grit pairs and the different grit pairs as being same. This leads to the probability of 
perceiving a difference of exactly p=0. This could be considered a case of biased random choice 
experiment where the person making the judgment was biased towards never perceiving a 
difference i.e., a 100% bias.  
For the reliable discrimination of same grit pairs, a person was biased towards identifying same 
grit pairs as being same by means of their perceptual capacity. The empirical probabilities p in 
that case were 0 ≤ p < 0.5. The greater was the perceptual capacity of the individual, the greater 
was the bias towards never perceiving a difference for a same grit pair, and more did the 
probability of perceiving a difference tended towards 0. 
For the six same grit pairs (800 vs 800, 1000 vs 1000, 1200 vs 1200, 1500 vs 1500, 2000 vs 
2000, 2500 vs 2500), the mean probabilities of perceiving a difference from the experimental 
data, albeit being low were never equal to 0. This deviation from the hypothesized minimum 
value indicates that the participants were usually but not always able to correctly perceive that 
there was no difference between the grits in same pair combinations. 
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For the three different grit pairs (1000 vs 1500, 1200 vs 1500, 2000 vs 2500) the mean 
probability of perceiving a difference was less than that of the random choice, and was 
particularly low for the grit pair 2000 vs 2500. This indicates a bias towards identifying the 
different grits in these pairs as being the same.  
For the rest of the pairs (1000 vs 1200, 1200 vs 2000, 1500 vs 2000), the probabilities of 
perceiving a difference tended more towards a random choice than towards a particular bias. It 
was hypothesized that the differences in friction properties and/or measures of topographical 
features like average roughness and mean spacing between profile peaks affect the perceptual 
capacity. This perceptual capacity in turn determines the degree of the biases leading to a 
perceptual discrimination decision regarding textures. Each of these hypotheses is discussed in 
detail in subsequent sections. 
In summary, the coarsest grit (P800) and the finest grit (P2500) were most certainly 
discriminated from all the other grits. Exception being the case of P2500 vs P2000 grits and it 
was the only case where one grit was discriminated from the other with a probability as low as 
that of a same grit-pair comparison. Even though the P2000 grit was perceived to be same as the 
P2500 grit, it was not as well discriminated from the other grits as the P2500 grit. If the grits 
were to be categorized based on the average ability of the individuals to clearly discriminate 
between the categories, the grit tested fell into three groups, P800 in the first group G1, (P1000, 
P1200, P1500) in the second group G2 and (P2500, P2000) in the third group G3.  
Friction	Measurement	
The coefficient of friction of the abrasive papers when rubbed against the skin on the finger pad, 
was measured in two finger sliding orientations (aligned and transverse), to determine the 
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correlation, if any between the finger pad friction and the tactile discrimination sensitivity. The 
variation of the coefficient of friction of the abrasive paper grits was different for the aligned and 
the transverse orientations (Figs.5 - 7). Also, no linear correlation was seen between the 
coefficients of friction and the surface properties (mean particle size, root mean square roughness 
or the mean spacing between the profile peaks) of the abrasive papers for the grits tested. 
	
Fig. 5. Variation of the mean coefficient of friction with the mean particle size of the abrasive papers (finest to 
coarsest) in the aligned and the transverse orientations. The mean particle sizes for the grits P2500 through P800 
were 8.4, 10.3, 12.6, 15.3, 18.3 and 21.8 µm respectively.  
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Fig. 6. Variation of mean coefficient of friction with the root mean square roughness of the abrasive papers in the 
aligned and transverse orientations 
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Fig. 7. Variation of mean coefficient of friction with the mean spacing between profile peaks of the abrasive papers 
in the aligned and transverse orientations. 
In the aligned orientation, the coefficient of friction for the P2500 (finest) grit was the highest, 
followed by a decrease in the COF leading to a minimum for the P1500 grit, and then an increase 
reaching a maximum again for the P800 grit. The COF values for the P800 and P2500 grits were 
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quite close. Similar trend in the coefficient of friction in the aligned orientation was observed 
with the increase in mean spacing of profile peaks. At the lowest spacing there was a high COF, 
followed by a sharp decrease in COF with increasing spacing reaching a minimum and then a 
sharp increase which plateaued off. However, no clear trend could be seen in the variation of the 
coefficient of friction with the root mean square roughness, especially at lower roughness values. 
In the transverse orientation, the COF value for the P2500 grit was the lowest, followed by a 
slow increase in the COF up to P1200 grit, and then a slight decrease at P1000 grit followed by a 
sharp increase reaching a maximum at P800 grit. With the increasing root mean square 
roughness Rrms, similar trend in the coefficient of friction was observed. However, with the 
increasing mean spacing Rs, the COF values increased consistently. It was believed that COF for 
the abrasive papers tested was a summation of adhesion, hysteresis and interlocking components 
of friction. The dominant mechanism of friction acting for each grit combined with the effect of 
topographical features of a finger like the fingerprints and the elastic property of the fingertip 
material led to these particular trends in the coefficient of friction. A detailed discussion of the 
friction mechanisms and the effect of surface features and elastic properties of finger is available 
elsewhere[19], and is beyond the scope of the discussion here.  
Discussion	
From multiple studies on roughness perception using dot and grating patterns, spacial 
distribution of the elements (dot or groove spacing) was known to play a key role in roughness 
estimation[6-9, 13, 20, 21]. Previous studies on fine texture discrimination using abrasive paper 
stimuli suggested that amplitude information of stimuli surface unevenness might be key to 
texture discrimination [22]. Friction induced vibrational cues during fingertip scanning surfaces 
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were known to mediate roughness perception in fine texture discrimination tasks [15, 23-26]. 
Friction was suggested to be related to coarseness perception of paper samples[27]. A recent 
study suggested that the coefficient of friction and the wavelength of the wrinkles could be 
related to the perceptual dimensions involved in differentiating nanoscale wrinkled surfaces from 
blank surfaces [28]. With these factors in mind, three potential hypotheses were considered to 
determine the relation between the tactile discrimination sensitivity of the abrasive papers and 
their friction and surface properties. The surface and friction property data from the three 
distinctly discriminable grits G1, G2 and G3 based on the participant perception data, was 
considered to determine the validity of the proposed hypotheses. Three abrasive paper grits 
P800, P1200 and P2500 representative of the groups G1, G2 and G3 respectively were 
considered for this purpose. 
Root mean square roughness hypothesis: The mean probability of perceiving a difference 
between the grits was related to the difference in root mean square roughness of the 
corresponding grits. This would be true if the amplitude information of the surface elements 
determines the perception of fine texture discrimination.  
 
 
 
Table 2 shows the differences, ratios and logarithm of ratios of the in root mean square roughness 
for the abrasive paper grits and their corresponding probabilities for being perceived as different. 
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Table 2: Comparison of the probability of discrimination between an abrasive paper pair with the corresponding 
difference in the root mean square roughness	
Grit 1 Grit 2 Mean probability 
of perceiving a 
difference 
Difference in 
Rrms(µm) 
(p-values)* 
Ratio of Rrms  
(p-values)** 
Logarithm of 
ratio of Rrms (p-
values)*** 
P800 P1200 0.93  2.671 (<0.0001) 0.69 (<0.0001) -0.37 (<0.0001) 
P800 P2500 0.93  2.411 (<0.0001) 0.65 (<0.0001) -0.42 (<0.0001) 
P1200 P2500 0.71 0.271 (0.4252) 0.95 (.0475) -0.05 (0.0595) 
1 Standard error of the mean difference in Rrms= 0.21 
* Null hypothesis is difference in Rrms between the grits is 0 
 ** Null hypothesis is ratio of Rrms of the grits is 1  
*** Null hypothesis is logarithm of ratio of Rrms of the grits is 0 
Not all the grits which were clearly perceived to be different have different roughness values. 
This was slightly surprising, considering previous work [15] which indicated that perceived 
coarseness was directly related to the roughness. However, perceived roughness, which may 
depend on vibrational cues, might not be reflected in the measure of roughness used here. These 
results suggest that differences in roughness cannot be considered a stand-alone factor to 
determine the perception of differences in texture between fine textured surfaces.  
Mean profile peak spacing hypothesis: The mean probability of perceiving a difference between 
the grits was related to the difference in mean spacing of profile peaks of the corresponding grits. 
This would be true if the spacing information of dominant surface features plays key role in 
perceiving differences in fine textured surfaces. Table 3 shows the differences, ratios and 
21	
	
logarithm of ratios of the mean spacing of profile peaks for the abrasive paper grits and their 
corresponding probabilities for being perceived as different. 
Table 3: Comparison of the probability of discrimination between an abrasive paper pair with the corresponding 
difference in the spacial spacing	
Grit 1 Grit 2 Mean 
probability of 
detecting a 
difference 
Difference in Rs  
(p-values)* 
Ratio of Rs  
(p-values)** 
Logarithm of 
ratio of Rs  
(p-values)*** 
P800 P1200 0.93  42.911 (<0.0001) 0.70 (<0.0001) -0.36 (<0.0001) 
P800 P2500 0.93  32.161 (<0.0001) 0.59 (<0.0001) -0.52 (<0.0001) 
P1200 P2500 0.71  10.781 (<0.001) 0.85 (<0.001) -0.16 (0.002) 
1 Standard error of the mean difference in Rs = 2.97 
* Null hypothesis is difference in Rs between the grits is 0 
 ** Null hypothesis is ratio of Rs of the grits is 1  
*** Null hypothesis is logarithm of ratio of Rs of the grits is 0 
 
The differences in the mean spacing of the profile peaks were not only significant for the 
distinctly differently perceived grits, but a positive correlation can be seen between the 
probabilities of perceiving a difference between the grits. The results supported the hypothesis 
that distributed distinct surface features even in randomly textured surface like abrasive paper 
grits were playing a key role in perception of differences in textures and their spacing difference 
could be used a predictive measure for perceivability of differences between fine textured 
surfaces.  
Coefficient of friction hypothesis: The mean probability of perceiving a difference between the 
grits was related to difference in coefficient of friction of the corresponding grits in either of the 
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orientations tested. This would be true if the friction information was indeed being used perceive 
the differences in the textures. Table 4 shows the differences, ratios and logarithm of ratios of the 
coefficients of friction for the abrasive paper grits and their corresponding probabilities for being 
perceived as different. 
 
Table 4: Comparison of the probability of discrimination between an abrasive paper pair with the corresponding 
difference in the coefficient of friction 	
Grit 1 Grit 2 Mean 
probability 
of 
perceiving a 
difference 
Difference in COF 
 
Ratio of COF Logarithm of ratio of 
COF 
Aligned  
(p-value)* 
Transverse 
(p-value)* 
Aligned  
(p-
value)** 
Transverse 
(p-value)** 
Aligned  
(p-
value)*** 
Transverse 
(p-value)*** 
P800 P1200 0.93 0.161 
(<0.001) 
0.302 
(<0.0001) 
0.87 
(<0.001) 
0.85 
(<0.001) 
-0.14 
(0.002) 
-0.16 
(<0.001) 
P800 P2500 0.93 0.091 
(0.2212) 
0.242 
(<0.0001) 
1.04 
(0.0708) 
0.80 
(<0.0001) 
 
0.04 
(0.0846) 
-0.23 
(<0.0001) 
P1200 P2500 0.71 0.251 
(<0.0001) 
0.062 
(0.4213) 
0.83 
(<0.0001) 
1.06 
(0.035) 
 
-0.18 
(<0.0001) 
0.07 
(0.036) 
1 Standard error of the mean difference in COF in aligned orientation = 0.052, 2 Standard error of the mean 
difference in COF in aligned orientation = 0.048 
* Null hypothesis is difference in Rrms between the grits is 0 
 ** Null hypothesis is ratio of Rrms of the grits is 1  
*** Null hypothesis is logarithm of ratio of Rrms of the grits is 0 
 
Presence of differences in the coefficients of friction in either of the orientations could be seen to 
positively correlate to perceiving differences between the grits. This strengthens the hypothesis. 
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If being used as a stand-alone factor, the differences in the friction based on orientation can lead 
to inherent confusion in making the decision of perceiving a difference between textures. 
However, the differences in friction in addition to differences in topographical feature 
measurements like spacing between the profile peaks could have been used in perception of 
differences in fine textures. 
Conclusions	
The current study investigates tactile discrimination sensitivity in randomly textured fine-grit 
abrasive papers and makes an attempt at identifying factors that lead to perceivability of 
differences in fine textured surfaces. The following conclusions can be made from the results of 
the study. 
• In order to clearly perceive a difference between two fine textured surfaces, there should 
be significant difference in the measures of distributed distinct topological features like 
mean spacing of the profile peaks and the coefficients of friction of the textured surfaces 
compared.  
• Differences in the average roughness measures (like root mean square roughness) were 
not representative of the ability of individuals to discriminate between fine textured 
surfaces. 
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